Case
A 39-year-old woman presented to the ED with a chief complaint of intermittent right flank pain that radiated into her groin area. She stated the pain had begun suddenly, 4 hours prior to arrival, and was accompanied by nausea and vomiting. The patient said that she had taken acetaminophen for the pain, but had received no relief. Regarding history, according to the patient, her last menstrual period ended 2 days earlier. She denied any urinary symptoms, diarrhea, or constipation. She had no history of abdominal surgery and was currently not on any medications. The patient's vital signs at presentation were: temperature 98.7°F; blood pressure, 130/90 mm Hg; heart rate, 110 beats/minute; and respiratory rate, 18 breaths/minute. Oxygen saturation was 98% on room air. On physical examination, she appeared to be in mild distress, pacing around the room. There was moderate right costovertebral tenderness on percussion; the abdomen was soft and nontender.
Incidence
As ED visits for nephrolithiasis are increasing, so too are the health-care costs associated with this condition. Between 1992 and 2009, emergent-care presentations for nephrolithiasis rose from 178 to 340 visits per 100,000 individuals. 1 Approximately 1 in 11 people in the United States will be affected by nephrolithiasis during their lifetime.
2 Estimated health-care costs associated with these complaints were roughly $2 billion in 2000-an increase of 50% since 1994. 2 
Evaluation and Diagnosis

Laboratory Evaluation
Urinalysis is one of the initial studies for patients with suspected nephrolithiasis. Although hematuria is a classic finding associated with renal calculi, its sensitivity on microscopic analysis is around 84%. Therefore, the absence of hematuria does not exclude renal colic in the differential diagnosis. 3 In addition to detecting hematuria, urinalysis can also reveal an underlying infection. One study by Abrahamian et al 4 found that roughly 8% of patients presenting with acute nephrolithiasis had a urinary tract infection (UTI)-many without any clinical findings of infection. The presence of pyuria, however, has only moderate accuracy in identifying UTIs in patients with kidney stones. 4 If an infected stone cannot be excluded clinically, computed tomography (CT) is indicated.
Mild leukocytosis (ie, <15,000 cells/mcL) is another common finding in patients with acute renal colic. 5 A leukocyte count >15,000 cells/mcL is suspicious for infection or other pathology. A blood-chemistry panel to evaluate renal function is appropriate as a baseline-particularly for patients in whom treatment with a nonsteroidal anti-inflammatory (NSAID) drug is anticipated.
Unenhanced Computed Tomography
With the ability to visualize renal calculi (Figure 1) , the use of noncontrast CT has become a standard initial imaging modality in assessing patients with renal colic. Between 1992 and 2009, the use of CT to evaluate patients presenting with flank pain for suspected renal colic more than tripled from 21% to 71%. 6 An analysis performed by the American College of National Radiology Data Registry 7 shows the mean radiation dose given by institutions for renal colic CT is unnecessarily high, and that few institutions follow CT-stone protocols aimed at minimizing radiation exposure while still maintaining proper diagnostic accuracy. A typical CT of the abdomen and pelvis is equivalent to over 100 two-view chest X-rays. 8 Though controversial, data from a white paper by the American College of Radiology suggest that the ionizing radiation exposure from just one CT for renal colic causes an increase in lifetime cancer risk. 9 Despite the increase in CT imaging to evaluate patients presenting to the ED with nephrolithiasis/flank pain, the proportion of patients diagnosed with a kidney stone remained the same between 2000 and 2008, with no significant change in outcomes. [10] [11] [12] Moreover, the use of CT as an initial imaging modality in patients presenting with flank pain-but with no sign of infection-is unlikely to reveal important alternative findings. 13 Regarding the sensitivity of CT in detecting nephrolithiasis, one study demonstrates a sensitivity of 100% and a specificity of 94% for noncontrast CT. 14 Controversy, however, still exists regarding the necessity and utility of CT in diagnosing nephrolithiasis, 15 and CT is one of the top 10 tests included in the American College of Emergency Physicians (ACEP) 2014 Choosing Wisely campaign. In this campaign, ACEP recommended emergency physicians (EPs) avoid abdominal and pelvic CT in otherwise healthy patients younger than age 50 years who present with symptoms consistent with uncomplicated renal colic and who have a known history of nephrolithiasis or ureterolithia- sis. 15 The ACEP also noted that CTs in this context do not often change treatment decisions and are associated with unnecessary radiation exposure and cost. 15 While keeping the aforementioned recommendations in mind, if an EP intends to refer a renal colic patient to a urologist a CT scan is necessary either in the ED or as an outpatient. In all cases (except perhaps in patients in whom there is a history of renal stones), the urologist will need this study to determine the size and location of the stone in order to provide recommendations for management.
Ultrasound
Ultrasound is another imaging modality with a high sensitivity in detecting renal calculi (Figure 2) , and its role in the diagnosis of nephrolithiasis continues to evolve. A study by Smith-Bindman et al 16 showed that in ED patients with symptoms suggestive of kidney stones, ultrasound as the initial imaging study was associated with lower cumulative radiation exposure than CT alone, with no significant differences in high-risk diagnosis with complications, serious adverse events, pain scores, return ED visits, or hospitalizations. In this study, 40% of patients who received point-ofcare (POC) ultrasound and 27% who received radiology ultrasound subsequently underwent CT in the ED. However, SmithBindman et al 16 concluded that it is acceptable for EPs to consider replacing CT with ultrasound as the initial imaging study in most patients. It should be noted that this study excluded certain high-risk populations, including solitary kidney and renal transplant patients. In addition, patients with a high body mass index were also excluded from the study due to the unreliability of ultrasound in obese patients.
Clinical Decision Score
Moore et al, 17 authors of the Size, Topography, Location, Obstruction, Number of stones, and Evaluation (STONE) scoring system, developed a classification system for patients with suspected nephrolithiasis. This system places patients into low-, moderate-, and high-score groups, with corresponding probabilities of ureteral stone based on symptoms and epidemiological classifications.
The intent of the STONE system is to accurately predict, based on classification, the likelihood of a patient having a simple ureteral stone versus a more significant, complicated stone and to help guide which, if any, imaging studies are indicated. For example, a lower STONE score would help guide the decision to defer advanced imaging studies that would be unlikely to reveal an alternate serious diagnosis. Likewise, an individual with a high STONE score could potentially receive ultrasonography, reduced-dose CT, or no further imaging.
The STONE score performs fairly well and appears to be superior to physician gestalt, with an area under the receiver operating characteristic curve (AUC) of .78 compared to .68 with physician gestalt. This system, however, is not always accurate in its classification and has been shown to have 87% specificity at the high end to rule in stone and 96% sensitivity rate at the low end to rule out a stone. Of course, when using a clinical decision rule to rule in or rule out a stone, a tool with a very high specificity is preferred. Although the STONE scoring system does show promise, further studies are needed before it can be applied clinically. 17 
Treatment
Analgesia
By inhibiting prostaglandin synthesis, NSAIDs reduce inflammation and ureteral muscular hyperactivity. 18 A recent Cochrane review of over 50 studies concluded that NSAIDs were effective in relieving acute renal colic pain. 19 A systematic review by Holdgate and Pollock 20 shows that patients treated with NSAIDs achieve greater reductions in pain scores and are less likely to require additional analgesia in the short term compared to patients treated with opioids. Although opioid medications are effective in relieving pain associated with nephrolithiasis, this class of drugs can exacerbate the nausea often associated with this condition. This same study also showed that patients who were prescribed NSAIDs following an ED visit for renal colic required less medication for pain control, experienced less nausea, and had greater improvements in their pain. 20 Nevertheless, the utility of opiates as an adjunct therapy should not be overlooked. For example, in patients with renal colic, numerous studies show treatment with a combination of an NSAID and opiate provides superior pain relief compared to either treatment modality in isolation. 21 Opioid analgesia may be indicated in patients in whom NSAIDs are not recommended or contraindicated (eg, elderly patients, patients with renal disease). While NSAIDs address the underlying pathophysiology associated with renal colic, they are sometimes not the best treatment option. Depending on the situation, treatment with an opioid should instead be considered.
Intravenous Fluid Therapy
A 2012 Cochrane Review of randomized control trials (RCT) on intravenous (IV) fluid therapy hydration/diuretic use concluded that there was "no reliable evidence in the literature to support the use of diuretics and high-volume fluid therapy for people with acute ureteric colic." The review, however, did note that further investigation is warranted for a definitive answer. 22 Another study by Springhart et al 23 showed no difference in pain or stone expulsion between large-volume (2 L IV fluids over 2 hours) and small-volume fluid administration (20 mL/h). Regarding administration, the use of IV fluids in renal colic is no different than the usual indications for fluid therapy in the ED and should be restricted to patients with signs of dehydration or kidney injury.
Many patients with renal colic will have decreased oral intake from the pain and nausea associated with the stone and may be vomiting. Under these circumstances, it is reasonable to rehydrate the patients, even though large-volume hydration with the intent of aiding stone expulsion or improving pain has not been shown efficacious. Conversely, in addition to the perceived benefit of rehydrating patients, a small amount of fluid hydration may improve the visualization of hydronephrosis on ultrasound. 24 
Medical Expulsive Therapy
For many years, clinicians have considered the use of tamsulosin, an α1-receptor blocker, as well as nifedipine, a calcium channel blocker, in treating renal colic due to the theoretical benefit of reducing ureteral smooth muscle spasm/constriction thus expediting stone passage. Over the years, dozens of studies showed positive benefit in the use of medical expulsive therapy (MET). A 2014 Cochrane Review demonstrated that patients treated with α1-blockers experienced a higher stone-free rate and shorter time to stone expulsion, and concluded that α1-blockers should be offered as one of the primary treatment modalities in MET. 25 This review, however, has been criticized for using a number of studies with very small patient samples, non-peer-reviewed abstracts, and lowquality study designs. 26 More recently, in April 2015, Lancet published a large RCT from 24 hospitals in the United Kingdom, comparing placebo versus 400 mcg tamsulosin and 30 mg nifedipine. The authors concluded that "tamsulosin 400 mcg and nifedipine 30 mg are not effective at decreasing the need for further treatment to achieve stone clearance in 4 weeks for patients with expectantly managed ureteric colic." 27 Another large double-blind, placebo-controlled, randomized, multicenter trial by Furyk et al 28 in July 2015 went a step further and evaluated distal stones, which have historically caused complications requiring intervention. They concluded that there was "no benefit overall of 0.4 mg of tamsulosin daily for patients with distal ureteric calculi less than or equal to 10 mm in terms of spontaneous passage, time to stone passage, pain, or analgesia requirements. In the subgroup with large stones (5 to 10 mm), tamsulosin did increase passage and should be considered." 28 Based on these recent studies, the use of tamsulosin in patients with stones larger than 5 mm-but not those with smaller stones-appears to be an appropriate treatment option.
Patient Disposition
The American Urological Association cited indications for urgent/emergent urological interventions necessitating the need for inpatient admission and further workup. 29 Patients who do not fall into any of the categories outlined in the Table may be seen on an outpatient basis. These patients may be treated symptomatically until they can follow up with a urologist, who will determine expectant management versus intervention.
In many communities, initial followup with a primary care physician (PCP), rather than a urologist, is standard for patients who are likely to pass the stone spontaneously-specifically those with nonobstructing stones <5 mm in diameter and no history of prior complicated kidney stone. Any patient discharged home with a suspected or confirmed diagnosis of nephrolithiasis should be instructed to return to the ED if he or she is unable to take the prescribed medications due to excessive nausea/vomiting; becomes febrile; develops severe pain despite oral medication; or develops any other worrisome symptoms. All of these indicate that he or she may have progressed to complicated nephrolithiasis requiring further workup and potential intervention (Table) . Computed tomography should be pursued in a patient whose stone is symptomatic enough to warrant inpatient admission. For example, a patient who is febrile or whose urinalysis is suggestive of infection-in addition to a high clinical suspicion of renal colic-should undergo CT evaluation to rule out an obstructing infected stone or another possible diagnosis. Computed tomography investigation is required in any patient who presents with colicky pain or flank pain and whose condition is considered complicated.
Prognosis
The majority of stones <5mm will pass spontaneously. 30 Larger stones may still pass spontaneously but are more likely to require lithotripsy or other urologic intervention; therefore, patients with stones >5 mm should be referred to urology services. 30 
Recurrence
Patients with a first-time kidney stone have a 30% to 50% chance of disease recurrence within 5 years, 31 and a 60% to 80% chance of recurrence during their lifetime. 32 Those with a family history of nephrolithiasis are likely to develop an earlier onset of stones as well as experience more frequent recurrent episodes. 33 Patients with recurrent disease should undergo outpatient risk stratification, including stone-composition analysis and assessment for modifiable risk factors.
Case Conclusion
The patient's urinalysis demonstrated microscopic hematuria; blood urea nitrogen and creatinine levels were within normal limits. As the patient was tachycardic and appeared mildly dehydrated, an IV infusion of 1 L normal saline was initiated, along with ketorolac and ondansetron for symptomatic relief. A POC ultrasound of the right kidney revealed mild-to-moderate hydronephrosis; the left kidney appeared sonographically normal. Since this patient had no history of nephrolithiasis, a nonenhanced CT of the abdomen was obtained, which revealed moderate, right-sided hydronephrosis and a 3-mm distal ureteral stone. Once the patient's symptoms were controlled, she was discharged home with a prescription for ibuprofen for symptomatic relief and instructions to follow up with her PCP.
Conclusion
The evaluation and treatment of nephrolithiasis is important due to its increasing prevalence, as well as implications on costs to the health-care system and to patients themselves. The workup and treatment of nephrolithiasis has been and continues to be the subject of much controversy. Until very recently, treatment recommendations were founded on physiological theories more so than robust research. In an era where improved imaging technology is becoming more readily available in the ED, EPs should weigh the pros and cons of its utilization for common ED complaints such as nephrolithiasis.
